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Urban structure and landscape cause an artificial temperature increase in cities, known as the
urban heat island effect. The magnitude of such urban–rural temperature difference varies in
daily and seasonal basis. Daily patterns of urban heat accumulation in Adelaide is under
investigation. In this paper, East–West air temperature profile of Adelaide metropolitan area
was mapped in 60 journeys alongside a straight cross route connecting Adelaide Hills to the
West Beach under clear sky between 26 July and 15 August 2013. The most intense urban–rural
temperature differences of 5.9 1C occurred during midnight in Adelaide. However, maximum
urban heat variation occurred during the late afternoon when the near-surface urban heat
fluctuates by 2 1C between the CBD East and Western Parklands. During summer heatwaves, the
afternoon heat stress limits public life vibrancy in Adelaide. Increased urban greenery can
facilitate resilience to heat by providing shadow and evaporative cooling. A better under-
standing of daily urban heat variations and the cooling effect of urban greenery assists urban
policy making and public life management in the context of climate change.
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Australia is likely to experience 3.8 1C increase in its surface
temperature by 2090 (CSIRO, 2014). Such regional warming
will have a severe impact on local climate regimes, natural
ecosystems and human life. In this context, heat stress can
become up to 8 1C higher in urban settings compared toB.V. This is an open access article under the CC BY-NC-ND license
Figure 1 The UHI effect peaks at the clear and calm weather
at winter nights. It also peaks earlier during winter Schematic
representation based on Gartland (2008, p. 4).
A. Soltani, E. Sharifi530their rural counterparts (Gartland, 2008; Kolokotsa et al.,
2009). Urban structure, hard surfaces and shortage of
vegetation cover in cities are cited as the major contribu-
tors to the artificial temperature increase in cities, com-
monly known as the urban heat island (UHI) effect (Stone,
2012).
Due to variations in the UHI effect and its lower magnitude
during the day, very limited research is available on daily
variations of urban heat in cities when the UHI effect
threatens usability of outdoor public spaces (Nikolopoulou,
2011; Santamouris et al., 2015; Sharifi et al., 2016). In
response to substantial excess heat in cities, people increas-
ingly move into air-conditioned buildings to benefit from
indoor thermal comfort. Meanwhile, resulted anthropogenic
heat generated from indoor air-conditioning causes an ever-
increasing outdoor temperature.
In this context, this paper analyses daily variations of urban
heat in Adelaide metropolitan area. Results assist urban policy
and place making in the context of climate change.2. The urban heat island (UHI) effect
In the early 19th century, Howard compared urban heat in
London and reported that the mean annual temperature
(20-years average) is 2.5 1C higher in London than its
countryside. The peak air temperature variation of 3 1C
was recorded during February (mid-winter) (Gartland,
2008). Similar macro-scale urban heat investigations con-
tribute to the understanding of the UHI effect mechanism
via comparing city centres and their rural surroundings
(Bourbia and Boucheriba, 2010; Mirzaei and Haghighat,
2010). Gartland (2008, p. 2) enumerates five common
characteristics for the UHI effect:
 UHIs are warmer than their rural vicinities.
 The urban–rural temperature difference is higher in calm
and clear weather, at night, and in winter.
 The UHI effect occurs due to human-made modifications
in urban surface covers.
 More urban development and less greenery correlate to
the intensity of UHIs.
 UHIs create a dome of warmer air above cities.
Heat islands are uneven in their spatial distribution and
magnitude, especially during daytime (Oke, 2006a) and can
vary based on the space configuration and urban features in
smaller scales (Erell, 2008). Figure 1 illustrates that the
magnitude of urban–rural temperature differences is usually
reported to be higher at night time; Thus, (Runnalls and Oke,
2000; Arnfield, 2003). The urban–rural temperature difference
starts to develop during the day under clear sky due to solar
gain of urban surface materials (Ashie, 2008). Calm weather
causes the warm air to be kept in the built environment for an
extended time (Morris et al., 2001; Wong and Yu, 2008).2.1. UHI contributing factors
Oke (2006b, p. 184) highlights urban structure, surface
cover, fabric and metabolism as the major contributing
factors to the UHI effect.2.1.1. Urban structure
Buildings’ volume, orientation and the aspect ratio of the
spaces between them (measured by the sky view factor)
affect the exposure of urban surfaces to the solar radiation.
Thus, urban structure affects shadow patterns and heat
exchange in the built environment (Johansson, 2006; Lin
et al., 2010; Krüger et al., 2011; Andreou, 2013). The
complex heat exchange between buildings’ mass and adja-
cent air changes the intensity and patterns of airflow in
urban canyons where wind patterns also affected by the
canyon-like structure of streetscapes surrounding by tall
buildings.
2.1.2. Urban surface cover
Urban surface materials’ thermal characteristics (specific
heat, mass, conductivity and diffusivity), color, texture and
coverage alter heat exchange in urban settings. Distribution
and ratio of land cover classes including paved, vegetated
and bare land and surface water contribute to the heat
exchange between the urban area and the adjacent air
(Karatasou et al., 2006). Due to land cover differences and
their respective roughness layers (with temperature differ-
ences) local air turbulence occurs in the urban settings
which mix the hotter and cooler air and affects the UHI
effect intensity.
2.1.3. Urban fabric
The overall ratio of residential, commercial and industrial
land use, roads and open spaces, parklands and wetlands
affects the intensity and distribution of UHIs. Lack of
sufficient greenery – as a common characteristic of urban
areas – contributes to the accumulation of heat in the built
environment thermal mass (Gartland, 2008; Wong and Jusuf,
2010; Coutts et al., 2012). Typology, distribution and intensity
of urban greenery also affect local wind patterns.
2.1.4. Urban metabolism
Urban life is associated with energy consumption, causing
additional waste heat production in cities (Soltani et al.,
2012). Such anthropogenic (human-made) heat is mainly
related indoor air-conditioning and transportation (Arnfield,
2003; Ichinose et al., 2008; Rizwan et al., 2008; Samuels
et al., 2010). Resulted excess heat can increase the need for
even more intense indoor air-conditioning. Figure 2 illus-
trates the interplay between UHI contributing factors.
Figure 2 Urban structure, cover, fabric and metabolism contribute to the UHI effect in highly developed areas. (Modified based on:
Sharifi and Lehmann (2014, p. 25)).
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UHIs are commonly represented in three major scales,
namely urban surface material scale (surface layer),
building and public space scale (canopy layer) and city
scale (boundary layer) (Arnfield, 2003; Oke, 2006b). The
UHI effect is highly dependent on the thermal behaviour of
surface materials and their exposure to solar radiation.
Emitted heat from urban surfaces is mixed through con-
vection and affects the air temperature above urban
surfaces. The urban section limited between the surface
cover, and the skyline of buildings is regarded as urban
canopy layer. Geometry and orientation of open spaces,
aspect ratio (height to width), sky view factor (fraction of
sky visible from the ground up) (Svensson, 2004), land
cover materials (asphalt, hard-landscapes, grass cover,
water, tree, etc.) and wind flow affect heat accumulation
in the canopy layer.
Emitted heat from urban surface layer mixes via air
turbulence in urban canopy layer and above. Resulted air
mixture shapes a dome of warm air over the urban areas
which is referred to as the urban boundary layer. The
formation of warm air dome over built-up areas is because
of the blending effect of local air above the canopy layer
(Oke, 1987; Tapper, 1990; Thatcher and Hurley, 2012). The
height of such a warm air dome can reach up to 1500 m
above the urban surfaces at midnight while it is normally
around 500 m in rural vicinities in the early morning. The
urban boundary layer tends to maximise during the midnight
when the hotter air elevates to higher altitudes.
Due to the high thermal resistance of the air, the surface
layer has only a few centimetres depth. The air tempera-
ture in canopy layer reaches its maximum in the late
afternoon when the urban canopy is being exposed to the
solar radiation for many hours. The urban boundary layer,
however, reaches its highest volume during the evening,
when the warm air elevated through the lower atmosphere
and forms the dome of warm air all over the urban area
(Gartland, 2008; Oke, 1987; Sailor, 2015). The rural bound-
ary layer waxes and wanes diurnally, with its maximum at
the time of maximum surface heating.Table 1 shows that temperature differences decrease with
increased spatial scale. It is likely to detect more tempera-
ture differences between North and South sides of a building
facade than two different land uses in a precinct (building
block versus park (Erell et al., 2011; Priyadarsini, 2009)).
3. Methods
The UHI effect exists in all climates; however, its magnitude
varies in different cities. Such variation exists partially due to
a variety of measurement methods and reported scale
(Stewart, 2011). The UHI scholarship uses five methods to
measure the UHI effect including fixed stations, mobile
traverse, remote sensing, vertical sensing and energy balance
(Gartland, 2008). As Table 2 shows surface temperature
measurement tends to indicate higher UHI intensity compared
with air temperature measurements and simulation.
As mentioned earlier, the magnitude of the UHI effect tends
to be higher during calm and sunny weather in winter
(Gartland, 2008). Therefore, this investigation uses winter
data. To investigate the variations in near-surface air tem-
perature in a city with a temperate climate, an urban heat
measurement was done in Adelaide in winter 2013. Figure 3
shows that Adelaide metropolitan area provides a unique
example for UHI investigation due to its parklands surroundings
the CBD area, Adelaide Hills at its Eastern boundary and West
Beach at its Western end. Thus, an East–West section of the
Adelaide metropolitan includes green hills, outer suburban
context, inner suburban context, urban parklands, city centre
(CBD) and seashore areas, and provides a range of urban
environments to discuss daily UHI effect variations. For summer
and winter surface temperature analysis of Adelaide see: Guan
et al. (2013), Clay et al. (2016), Sharifi et al. (2017), Sharma
(2015), Hien (2016).
3.1. Mobile traverse UHI monitoring
The mobile traverse method is an economical and fast way
to draw the UHI profile of a city when the availability
of fixed stations in the study area is limited and costly
Table 2 The magnitude of the UHI effect varies based on methods of data collection and type. Developed based on Rizwan
et al. (2008, p. 123).
Method 1 Method 2
Record method Data type Reported UHI
effect




















Air temperature 3.4 1C Satellite data Surface
temperature
8.0 1C
Figure 3 Mobile traverse path to measure UHI effect in Adelaide in winter 2013. (Map data: AEROmetrex, 2015; Google Earth,
2015).
Table 1 As the scale increases, the UHI effect gets moderated by air turbulence (developed based on: Gartland (2008)).
Scale layer Focused temperature Focused elements Dimension range (approximate)
Micro Surface Surface temperature Open Space skin 1–10 m
Building rooftops
Building facades




Macro Boundary Surface and air temperature Land use classes 103–105 m
Citywide
A. Soltani, E. Sharifi532(Yow, 2007). To record a linear UHI profile of Adelaide with
1 km resolution, 30 synchronised fixed stations are required
in a row, whereas it only needs a mobile station and a
moving media to map a similar cross-section with 100 m
resolution. In mobile traverse method, a portable weather
station measures air temperature (plus radiant temperature
and humidity if required) through linear or diagonal paths.
Mode of transportation can vary based on the scale and
accuracy of the investigation. Macro-scale studies usepublic transport or cars as the mean of transportation
(Stewart, 2000), whereas micro-scale investigators use
walking or cycling for moving through urban paths
(Spronken-Smith and Oke, 1998). In both situations, the
duration of each experiment is a critical factor since the
weather conditions might change during the experiment. A
majority of mobile traverse measurements last for a
maximum of an hour and need data calibration to decrease
the effect of weather variations (Gartland, 2008).
533Daily variation of urban heat island effect and its correlations to urban greeneryHowever, even within an hour, urban microclimates might
noticeably change. In this experiment, the near-surface air
temperature was measured during journeys in the early
afternoon (14:00–14:35), mid-afternoon (16:10–16:45),
late afternoon (18:00–18:35), early night (21:00–21:35)
and midnight (22:45–23:20). Recorded data were moder-
ated against official weather data of Australian Bureau of
Meteorology at Roseworthy station (ID: 023122). Rose-
worthy station is located 56 km North of Adelaide CBD.
Therefore, its data were assumed as rural station and are
used to analyse the patterns of urban heat in Adelaide
metropolitan. The recorded temperatures via mobile tra-
verse monitoring were moderated based on official
weather data of Australian Bureau of Meteorology at Kent
Town station (ID: 023090) as follows:
Tmoderated ¼ Trecord−ΔTlocal station variation
3.2. Temperature sensor and data logging device
The near-surface temperature was measured via an
EXTECH RHT10 hygrometer data logger (temperature
resolution 0.1 1C; accuracy 7 0.5 1C at 40 1C; range 
40 1C to 70 1C; minimum sampling interval 2 s; response
rate 10 s; data logging capacity: 16,000 records). The
data logger unit was installed 1200 mm above the ground
surface on a 200 mm pole on the left side of a passenger
car (to prevent radiant heat from car engine in front and
exhaust from back), and was covered by a white pipe
cover to prevent the rapid effect of solar radiation (see
Figure 4). Dry-bulb temperature and relative humidity
were recorded every 10 s. In a pilot study prior to the
main data collection with the same temperature data
logger, it is identified that in real-world conditions it will
take 30 s for EXTECH RHT10 to detect temperature
differences of 0.1 1C while moving with the speed of
50 km/h).
Each journey of 16.3 km took 30–35 min to complete
depending on the local traffic. Duplicated data were
cleaned afterwards to remove inevitable traffic light stop-
pages. Recorded temperatures were moderated based onFigure 4 Mobile temperature data logging device (EXTECH RHT1
utility vehicle.temperature changes during the journeys measured at
Roseworthy station.
A limitation of the mobile traverse method is related to the
temperature sensors. The mobile weather sensor is commonly
fixed on a moving vehicle such as a car or a bicycle. When the
sensor is adjusted at the height of 1200–1500 mm above the
ground, the measurement can be influenced by rough surfaces
such as asphalt or paving or the moving vehicle radiant heat or
exhaust gas. Also, to get a trusted measurement, the sensor
needs to be held in each data recording locations for a while
depending on sensor response rate, which increases the
duration of the UHI measurement. Local traffic can also
influence the measurement time span in the mobile traverse
UHI monitoring method.
4. Results
Recorded near-surface temperature in Adelaide is presented
in Figure 5. During winter, urban heat is highly dependent to
solar radiation and temperature drops significantly after
sunset. Assessment of recorded data against weather data
of the Australian Bureau of Meteorology's Roseworthy sta-
tion indicates that the area around the Adelaide CBD
experienced higher UHI effect compared to suburban areas
during all measurements (see Figure 6). The near-surface
UHI effect peaked at 5.9 1C during midnight in the CBD area.
The Adelaide metropolitan area represents an urban heat
island, in which stored heat during the afternoon is dis-
charged to the atmosphere with a delay of up to six hours.
Near-surface urban heat in Adelaide (compared to Rose-
worthy station) alters from a minimum of 1.5 1C in the early
afternoon to a maximum of 5.9 1C in midnight during a
typical sunny winter day (see Figure 6 and Table 3). Heat
load accumulates during the afternoon in the built environ-
ment and is discharged to the atmosphere with delay during
the night. However, such heat accumulation does not match
the urban profile during the afternoon, when open spaces
are exposed to the solar radiation. This shows the contribu-
tion of stored heat release and reduced longwave cooling in
Adelaide's midnight UHI effect.0) installed 1200 mm above the ground surface attached to a
Figure 5 Averaged near-surface temperature profile of Adelaide measured between 26 July and 15 August 2013.
Figure 6 The UHI profile of Adelaide metropolitan (East–West) between 26 July and 15 August 2013.
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The UHI profile during the late afternoon has more thermal
fluctuation along the travel path, especially around the
boundaries of the CBD. Such thermal fluctuations resulted
in up to 2 1C near-surface temperature differences in very
short distances of less than 1 km from the city centre. Also, a
considerable fluctuation is recorded in early afternoon and
early night urban heat profiles when up to 1.2 1C temperature
differences are recorded in CBD vicinities. The UHI effect had
less variation during mid-afternoon and midnight (mid-after-
noons in Adelaide usually become partly cloudy in sunny
winter days; average cloud cover was 30% during this study).5.1. Adelaide's UHI daily profile
Having less temperature variation in Adelaide UHI effect
during mid-afternoon and midnight supports the assumption
that:
 Urban surface materials store heat in their thermal mass
during the first hours of exposure to solar radiation.
 Urban surface covers start to emit the stored heat to the
built environment in early afternoon. If solar radiation intensity decreases, UHI fluctuations
decrease too, but the overall UHI intensity continues to
increase during the next few hours.
 The UHI fluctuation peaks at late afternoon and early
night when surface materials are exposed to solar radia-
tion for the whole day.
 The UHI fluctuation decrease and the UHI intensity peaks
when proceeding to midnight.
Although the nocturnal UHI effect is concentrated in highly
urbanised areas such as Adelaide CBD, the daytime urban
heat can have different distribution patterns, and it may
have very high magnitudes in some urban settings, lower
intensity in other areas, and in some cases negative values in
park cool islands. The midnight UHI effect had the most
intense temperature differences (urbanrural) in Adelaide
(refer to the higher values of mean, minimum, and maximum
in Table 3). However, the afternoon urban heat has more
temperature variance (point-to-point variation), especially
during the late afternoon (refer to higher values of sample
variance, standard deviation, and skewness in Table 3).
The averaged near-surface urban heat was the highest in
Adelaide during the midnight monitoring. However, the 6 1C
higher temperature during winter nights, when the sub-
urban temperature may be as low as 9 1C, is not a particular
Table 4 Correlation between ratio of tree canopy within 500 m of the mobile traverse path and average near-surface urban
heat in Adelaide during winter 2013.
West Beach Outer suburbs Inner suburbs Parklands CBD Adelaide Hills r
East West
Tree canopy ratio 20% 24% 18% 15% 35% 13% 50%
Average UHI afternoon (1C) 2.5 2.9 3 3.5 3.1 3.9 2.7 0.52
Average UHI night (1C) 4.6 4.8 5.2 5.4 4.3 5.5 4.3 0.85
Average UHI all recorded (1C) 3.5 3.9 4.1 4.4 3.7 4.7 3.5 0.72
Table 3 Descriptive analysis of averaged urban heat patterns in Adelaide metropolitan area, measured between 26 July and
15 August 2013.
Early afternoon (1C) Mid-afternoon (1C) Late afternoon (1C) Early night (1C) Midnight (1C)
Mean 1.93 3.15 4.62 4.78 5.30
Standard Error 0.02 0.03 0.05 0.03 0.03
Median 1.88 3.34 4.58 4.83 5.41
Standard Deviation 0.31 0.40 0.66 0.36 0.40
Sample Variance 0.09 0.16 0.44 0.13 0.16
Skewness 0.38 0.62 0.08 0.60 0.33
Minimum UHI 1.47 2.30 3.40 3.93 4.56
Maximum UHI 2.73 3.75 5.81 5.37 5.90
535Daily variation of urban heat island effect and its correlations to urban greenerythreat (in fact, it could be an advantage). Nevertheless, the
midnight urban heat could be a threat during summer
heatwaves with midnight minimum temperatures of more
than 30 1C. The afternoon urban heat may be even more
harmful during summer when solar radiation is more
intense, days are longer, and the temperature profile is
considerably higher than winter (Williams et al., 2012;
Hatvani-Kovacs et al., 2016; Sharifi et al., 2017). The
2.4 1C temperature variations in the late afternoon could
make a comfortable outdoor environment in summer
uncomfortable to attend or pushes thermal discomfort
towards stronger heat stress (the pilot study had been done
in winter due to the higher reported magnitude the UHI
effect in the literature).
The UHI measurement in Adelaide indicates that:
 Some urban spaces store more heat compared to others.
Such heat storage variations may occur over walking
distances of 500–1000 m.
 The UHI effect is lower during the afternoon compared to
midnight. However, near-surface temperature fluctuation
is higher during the afternoon.
 The afternoon urban heat could be more harmful to
humans during summer, although it provides better
thermal comfort conditions during the winter.1Correlation coefficient value varies between 0 and 7 1. It
indicates the strength and direction of the relationship between
variables (Bryman, 2008; Neuman, 2011). Correlation coefficient (r)
values closer to +1 represent stronger positive relationships
between the two variables, while closer r-values to 1 indicate
strong negative dependency (i.e., variable A decreases with
increase in variable B) and r-value = 0 indicate no connection.5.2. Correlations between tree canopy ratio and
UHI effect
Adelaide has a unique urban structure with a CBD sur-
rounded by parklands (see Figure 3). Recent research on the
urban heat in Adelaide suggests that Adelaide CBD parklandseffectively mitigate the urban heat of the CBD (Clay et al.,
2016; Guan et al., 2013). In the late afternoon, the near-
surface air temperature in parklands was up to 2 1C lower
than the CBD 1 1C cooler than most of the suburban areas.
Parklands were cooler than inner and outer suburbs almost
all day. As discussed in the last section urban air mixture
during the night decreases the relative cooling effect of
parkland by midnight.
Previous studies indicate the strong negative correlations
between urban surface temperature and tree canopy ratio
(Guan et al., 2013; Sharifi et al., 2017). Table 4 presents the
ratio of tree canopy within 500 m of the mobile traverse
path of this case study (measured via iTree Canopy tool
available at https://canopy.itreetools.org/). Adelaide CBD
parklands have considerably higher tree canopy (35%)
compared to both the CBD (13%) and inner suburban areas
(15%). It also has two fold tree canopy than most outer
suburbs.
Figure 6 illustrates that the cooling effect of urban
greenery is more significant during the late afternoon
(immediately after sunset). The magnitude of UHI effect is
averaged for afternoon and night time (see Table 4). The
afternoon UHI effect in Adelaide has the correlation coeffi-
cient (r) value1 of 0.52 to the ratio of tree canopy which
means a moderate downhill relationship exist between the
A. Soltani, E. Sharifi536two variables. Averaged nighttime UHI effect has the r-
value of 0.85 to the ratio of tree canopy and indicates a
strong downhill relationship. In another word, a high ratio of
tree canopy correlates strongly with cooler nocturnal tem-
peratures in the built environment.
6. Policy implication
UHI measurements are commonly reported during the night
– when the urban–rural temperature differences are at their
maximum; thus, they fall short in addressing the issue of
heat stress on human participants. This UHI study of
Adelaide indicates that daily heat stress may vary in the
built environment within short distances of less than 1 km.
Having thermally comfortable urban microclimates is a
fundamental characteristic of healthy and vibrant public
spaces (Gehl, 2010). Therefore, urban planning profes-
sionals and decision makers are required to consider diurnal
heat stress alongside nocturnal UHI effect in planning live-
able cities.
Results of this study suggest that the maximum urban
heat stress occurs during the afternoon when both overall
temperature and daily urban heat are at their peak. Such
daily heat stress in the built environment decreases in urban
parklands, near forested areas and water bodies in cities
with temperate climate such as Adelaide. Heat stress peaks
in more developed urban settings associated with imperme-
able urban surface covers (Coutts et al., 2012). Thus, urban
greenery and surface water can assist achieving, cooler and
healthier urban environments in the context of climate
change.
With an emphasis on urban consolidation policies, natural
landscapes in and around Australian cities are likely to be
replaced by buildings and road surfaces over the medium
term (SoAC, 2014–2015). This is likely to increase air
temperature in critical summer months (Gartland, 2008).
Current planning and building guidelines address the issue of
urban heat via planning rules prescribing minimum open
space standards for various types of dwelling on various lot
sizes usually as a percentage of the block area. The nature
of open space – lawns and trees or concrete or stone paving
– is not prescribed. This has led to concrete and stone
paving on sides and rear of new developments.
The purpose of open space can be made effective towards
mitigating UHI effect. Public spaces comprising of carparks,
open spaces, roads and other transport networks can provide
enough space to increase tree canopy by 30% without
compromising the functionality of space and provide up to
2 1C cooler urban climates compared to business as usual
scenario. Urban heat measurement and mitigation strategies
need to be incorporated in urban policy making and devel-
opment processes for more resilient urban futures.
7. Conclusions
Urban temperatures are predicted to increase due to
climate change (Cleugh et al., 2011; CSIRO, 2014). The
temperatures in our cities are likely to increase up to 8 1C
further due to the urban heat island effect. More heat is
absorbed and emitted with delay by expanses of asphalt,
concrete and other heat-storing building materials. In thiscontext, it is crucial to understand the possibilities for the
transformation of existing urban fabrics towards a more
liveable and sustainable future (Bosselmann, 2008). This can
be implemented by landscape transformation in existing
urban spaces (Santamouris et al., 2011). A better under-
standing of daily urban heat variations in cities assists urban
policy making and public life management in the context of
climate change.
Having thermally comfortable urban microclimates is a
fundamental characteristic of healthy and vibrant public
spaces (Gehl, 2010). This UHI study of Adelaide indicates
that daily heat stress may vary within walkable distances of
less than 1 km in urban settings. Therefore, urban planning
professionals and decision makers are required to consider
diurnal heat stress alongside nocturnal UHI effect in plan-
ning more resilient and liveable cities.
The study also indicates that lack of tree canopy corre-
lates to higher intensity of the UHI effect in temperate
climate. Urban trees provide local shade and evaporative
cooling. Increased urban greenery to reach the ideal ratio of
30% combined with water sensitive urban design can provide
up to 2 1C cooler urban climates compared to business as
usual scenario and assist achieving cooler and healthier
urban environments in the context of climate change.Research limitations and further studies
This case study is based on mobile traverse monitoring of
UHI effect in Adelaide during winter. It is envisaged that
more significant results may emerge from a similar setup
during summer. This can be the subject of follow-up studies.
In further research, more than one temperature sensor can
be used in different heights to facilitate surface-air tem-
perature correlations. Also, using globe temperature data
loggers can extend research findings through combining air
and surface temperature. Using a fixed weather stations
network is the study area can reveal more comprehensive
findings. However, it needs special reservations regarding
sensors’ calibration and safety of their location. Methods
and results can be further tested in other cities with similar
and different climates.Acknowledgments
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